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Background 

• Thermographic phosphor temperature measurements use 
luminescence from transition metal or rare earth dopants. 


Transition metal (e.g., Cr 3+ ) Rare earth (e.g., Dy 3 *) 
3d transitions | 4f transitions 


Unshielded Shielding by 5s & 5p electrons 


Strongly phonon & bonding 
coupled 

Very strong spin-allowed 
absorption oscillator strength*' 

Strong thermal quenching 
Cr:AI 2 0 3 performs up to 600°C 
Short X emission not available 
(R lines @-700 nm) 


Weakly phonon & bonding 
coupled 

Very weak spin-forbidden 
oscillator strength 
(by ~4 orders of magnitude) 
Weak thermal quenching*' 
Dy:YAG performs up to 1 700°C 
Short X emission available*' 
(Dy 3 * @456 nm) 


No high luminescence intensity phosphors for T>1000°C where 
high intensity is needed in presence of strong thermal radiation 
background. 


Objective 

Obtain best-of-both-worlds performance of high intensity 
emission that persists above 1000°C. 

Approach 

Select Cr-doped phosphor with strong crystal field at dopant site 
to delay thermal quenching of luminescence. 

• Cr-doped GdAI0 3 (Cr: GAP) 

Utilize shorter-wavelength spin-allowed broadband emission for 
reduced interference from thermal radiation background. 
Demonstrate extended high temperature performance above 
1000°C. 

Demonstrate optical thermometer using luminescence decay of 
Cr:GAP. 


Basis for Phosphor Matrix Selection 

I Spin-forbidden R-line emission 



Tanabe-Sugano Diagram 



Crystal Field, Dq/B 


Increase AE by selecting matrix with stronger crystal field at dopant site. 





RAI0 3 Perovskite 

Selection of Rare Earth 

crystal field increases 
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R-cation radii for CN 9 (A) 


Near-cubic 

symmetry 

Jf Transforms to 
rhombohedral 
at 800°C 

|f Transforms to 
rhombohedral 
at 1000°C 

f ^Transforms to 
^^rhombohedral 
at 1700°C v 


From Vuykchko, L., Scnayahyn, A., and Bisnuycr, U., “Perovakile-iype Alumiiules and Gailatc*," in Handbook on the 
Physics and Chemistry of Ran Earths. VoL 39, edited by K.A. Gschncidner, Jr., J.-C.G. BOnal, and V.K. Pecharskv. 
NclhcriandsiNorth-HoIland. 2009, p. 201. 



Time-Averaged Luminescence Emission 

Cr(0.2%):GAP 



Wavelength (nm) 



Time-Resolved Luminescence Emission 
584°C 

Cr(0.1%):Al 2 O 3 Cr(0.2%):GAP 



r = 0.97 //sec r = 1 .03 msec 

7 max = 407 I m*x = 6646 

1s*gml = io 62 

T CrAliOj 

4«c e gap_ = 163 

^max Cr:Al,0, 




•Nearly single exponential. 

•Uniform decay rate over wavelength range. 

•Adequate signal for decay time determination at wavelengths as short as 570 nm. 
•Collect luminescence decay measurements with bandpass filter @593 nm, 
FWHM = 40 nm to minimize interference from thermal radiation background. 


Time-Resolved Luminescence Emission 
Logarithmic Intensity Scale 
Cr(0.2%):GAP 

378°C 1072°C 



Luminescence Decay 
Cr(0.2%):GAP 



Time (sec) 


Luminescence Decay Temperature Dependence 

Cr(0.2%):GAP 

Temperature Dependence of Long Decay Time 



Temperature (°C) 


Fittor = r£j 


\+2e-^ ,kT 

1 +ae-* B, * r +Pe- m '' m,Kr 



X R 8.9 msec 4.20 msec 

AE 3600 cm- 1 2350 cm- 1 


Optical Thermometer Setup 




laser synch 



Summary 


Spin-allowed broadband luminescence from Cr:GAP 
exceptional persistence to high temperature for thermographic 
phosphor temperature measurements up to 1200°C. 

- Strong crystal field. 

- Spin-allowed broadband emission from 4 T 2 level “stabilized" by underlying 
long-lived 2 E reservoir level. 

- Growth of spin-allowed broadband emission shifts emission to more useful 
shorter wavelengths (730->570 nm). 

Optical thermometer based on Cr:GAP decay at tip of sapphire 
lightguide demonstrated to 1075°C. 

- Sapphire fluorescence limits usefulness to T<1100°C. 
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